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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an apparatus for 
detecting the amount of deformation of a tire for 
detecting the amount of deformation of the tire precisely 
including deformation in the diameter direction of the 
tire. 

SOLUTION: The apparatus 10 for detecting the amount 
of deformation of the tire comprises a reference point 2 
provided on the rear of a tread 1 ; a light emission 
section 3 for emitting the reference point 2; an imaging 
section 4 for receiving light reflected by the reference 
point 2 and imaging the rear of the tread 1 including the 
reference point 2; a computing section 7 for computing 
the amount of displacement in the reference point 2 at 
the ground position of the tire, based on a change in 
time until when light emitted by the light emission 
section 3 is received by the imaging section 4 and the 
imaging data of the imaging section 4; and a dispatch 
section 8 for outputting displacement data computed by 
the computing section 7 to the outside. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

In the deformation detection equipment of the tire containing the reference point established in 

the tooth back of a tread, the light-emitting part which irradiates said reference point, and the 

light sensing portion which receives the light reflected in said reference point, 

Deformation detection equipment of the tire characterized by detecting the deformation of the 

tire in a touch-down location based on time amount change until the light irradiated with said 

light-emitting part is received by said light sensing portion. 

[Claim 2] 

The reference point established in the tooth back of a tread, and the light-emitting part which 
irradiates said reference point, The operation part which calculates the amount of displacement 
of said reference point in the touch-down location of a tire based on change of time amount 
until the light irradiated with the light sensing portion which receives the light reflected in said 
reference point, and said light-emitting part is received by said light sensing portion, Deformation 
detection equipment of the tire containing the dispatch section which outputs outside the 
displacement data calculated by said operation part. 
[Claim 3] 

Deformation detection equipment of the tire according to claim 2 characterized by having 
approached and preparing two or more reference points. 
[Claim 4] 

While receiving the reference point established in the tooth back of a tread, the light-emitting 
part which irradiates said reference point, and the light reflected in said reference point It is 
based on the image pick-up data of the image pick-up section which picturizes the tooth back of 
a tread including said reference point, and the change of time amount until the light irradiated 
with said light-emitting part is received in said image pick-up section and said image pick-up 
section. Deformation detection equipment of the tire containing the operation part which 
calculates the amount of displacement of said origin/datum in the touch-down location of a tire, 
and the dispatch section which outputs outside the displacement data calculated by said 
operation part. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the deformation detection equipment of the tire which can detect the 
deformation of a tire also including deformation of the direction of a path with high precision in a 
detail about the deformation detection equipment of a tire. 
[0002] 

[Description of the Prior Art] 

In order to perform braking control of a vehicle or calculation of a prediction transit locus, the 
equipment which detects the deformation of a tire is known (for example, patent reference 1 
reference.). 

One mark formed on the inner skin of the crown section of a tire in the deformation detection 
equipment of this tire. By emitting light from a mark position transducer and detecting the 
reflected light reflected by the mark by the 2-dimensional location sensing element (PSD) of a 
mark position transducer including the mark position transducer installed in the predetermined 
location of the wheel rim which counters this mark Deformation of the ground plane (X-axis-Y 
shaft orientations) of a tire is observed. 
[0003] 

[Patent reference 1] 
JP,9-193627.A (the 3rd page, Fig. 1) 
[0004] 

[Problem(s) to be Solved by the Invention] 

However, since the deformation of a tire was presumed with such deformation detection 
equipment of a tire based on the reflected light of the mark caught by the 2-dimensional location 
sensing element, when a tire stepped on a stone, it was impossible to have detected the 
deformation of the direction of a path of a tire (Z shaft orientations). 
[0005] 

Then, this invention aims at offering the deformation detection equipment of the tire which can 
detect the deformation of a tire with high precision also including deformation of the direction of 
a path of a tire. 
[0006] 

[Means for Solving the Problem] 

Invention according to claim 1 is characterized by detecting the deformation of the tire in a 
touch-down location based on time amount change until the light irradiated with said light- 
emitting part is received by said light sensing portion in the deformation detection equipment of 
the tire containing the reference point established in the tooth back of a tread, the light-emitting 
part which irradiates said reference point, and the light sensing portion which receives the light 
reflected in said reference point. 
[0007] 

According to the deformation detection equipment of such a tire, time amount until the light 
irradiated with the light-emitting part is received by the light sensing portion can be measured 
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periodically, and the deformation of the direction of a path of the tire in the variation rate, i.e., 
the touch-down location, of the perpendicular direction of the reference point in the touch-down 
location of a tire can be detected based on the time amount change. 
[0008] 

The reference point where invention according to claim 2 was prepared in the tooth back of a 
tread, and the light-emitting part which irradiates said reference point, The operation part which 
calculates the amount of displacement of said reference point in the touch-down location of a 
tire based on change of time amount until the light irradiated with the light sensing portion which 
receives the light reflected in said reference point, and said light-emitting part is received by 
said light sensing portion. It is deformation detection equipment of the tire containing the 
dispatch section which outputs outside the displacement data calculated by said operation part. 
[0009] 

Since the amount of displacement of the perpendicular direction of the origin/datum in the 
touch-down location of the tire calculated by operation part can be outputted outside through 
the dispatch section according to the deformation detection equipment of such a tire, it 
becomes possible to perform control in consideration of the deformation of the direction of a 
path of a tire with an antilock brake gear, the anticipation transit locus calculation equipment of 
a vehicle, etc. 
[0010] 

Invention according to claim 3 is characterized by having approached and preparing two or more 
reference points in the deformation detection equipment of a tire according to claim 2. 
[0011] 

According to the deformation detection equipment of such a tire, the detection error of 
deformation can be lessened by having approached and having prepared two or more reference 
points. 

In addition, it means arranging two or more reference points so that it may be restored to 
exposure within the limits of a light-emitting part, saying "approach two or more reference 
points." 
[0012] 

While invention according to claim 4 receives the reference point established in the tooth back 
of a tread, the light-emitting part which irradiates said reference point, and the light reflected in 
said reference point It is based on the image pick-up data of the image pick-up section which 
picturizes the tooth back of a tread including said reference point, and the change of time 
amount until the light irradiated with said light-emitting part is received in said image pick-up 
section and said image pick-up section. It is deformation detection equipment of the tire 
containing the operation part which calculates the amount of displacement of said origin/datum 
in the touch-down location of a tire, and the dispatch section which outputs outside the 
displacement data calculated by said operation part. 
[0013] 

the variation rate of the perpendicular direction of the reference point in the touch-down 
location of the tire which was calculated by operation part according to the deformation 
detection equipment of such a tire — an amount and a horizontal variation rate — since direct 
detection of the deformation of the direction of three dimensions of a tire can be carried out 
based on an amount, in the initial stage of a transfer system, it becomes possible to grasp 
correctly each wheel order force, lateral force, and a touch-down load. Moreover, since the 
deformation of the detected tire can be outputted outside through the dispatch section, it 
becomes possible [ performing control in consideration of the deformation of a tire ] in high 
order equipments, such as an antilock brake gear and anticipation transit locus calculation 
equipment of a vehicle. 
[0014] 

[Embodiment of the Invention] 

Hereafter, the gestalt of operation of this invention is explained to a detail with reference to an 

accompanying drawing. 

[0015] 
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The 1 St operation gestalt of this invention is explained with reference to introduction, drawing 1 , 
Of" drawing 4 . The explanatory view showing the deformation detection equipment of the tire 
which drawing 1 requires for the 1st operation gestalt of this invention, and drawing 2 are the 
functional block diagrams of the deformation detection equipment of the tire concerning the 1st 
operation gestalt. The explanatory view showing the example which drawing 3 asks for the 
deflection of 2-dimensional image pick-up data and the criteria location of a reference point, and 
drawing 4 are the explanatory views showing the example which performs feedforward control 
using the deformation of the tire detected with each wheel. 
[0016] 

As shown in drawing 1 , the deformation detection equipment 10 of a tire While receiving the 
reference point 2 established in the tooth back of a tread 1, the light-emitting part 3 which 
irradiates a reference point 2. and the light reflected in the reference point 2 The image pick-up 
section 4 which picturizes the tooth back of the tread 1 including a reference point 2, and the 
timer 5 which measures time amount until the light irradiated with the light-emitting part 3 is 
received in the image pick-up section 4. The data storage section 6 which stores the 2- 
dimensional image pick-up data of the origin/datum 2 picturized in the time data and the image 
pick-up section 4 which were measured with the timer 5, While searching the Motoki Mitsugi 
semi- map table set up beforehand and detecting the amount of displacement of the direction of 
three dimensions of the reference point 2 from a criteria location, i.e., the deformation of a tire It 
is constituted including a value and the dispatch section 8 which outputs the deflection data of a 
value outside by wireless this time the deformation data of the direction of three dimensions of a 
tire called for by the value, the operation part 7 which asks for the deflection of the time data of 
a value, and 2-dimensionat image pick-up data this time, and operation part 7, and last time last 
time which was stored in the data storage section 6. 
[0017] 

A reference point 2 has a good reflection factor to the beam of light irradiated with the light- 
emitting part 3, and is formed of the circular mark which applied the circular piece of a metal or 
the white prepared in the tooth-back center section of the tread 1. and a fluorescence color. 
[0018] 

The parallel light which has predetermined width of face in one color is turned to a reference 
point 2, and a light-emitting part 3 irradiates it periodically. As the light source, there is little 
power consumption and it uses LED with a long life. 

A light-emitting part 3 emits exposure light in the condition (henceforth "the touch-down 
condition of a reference point 2") that the tread 1 of the tooth back of a reference point 2 
touches a road surface in order to detect the deformation of the tire in the location (touch- 
down location) where a tire touches a road surface. 

Among Rota of a wheel speed sensor (not shown) established in each wheel, embed the magnet 
for generating a specific pulse to a reference point 2 and a corresponding part, or a part of 
configuration of Rota is made to deform, and, specifically, the touch-down condition of a 
reference point 2 is specified from the output signal detected in the pickup section. That is, 
since the touch-down condition of a reference point 2 can be specified in analyzing the output 
signal of the wheel speed sensor transmitted to ECU1 1 (refer to drawing 2 ) prepared in the car- 
body side. ECU 11 synchronizes a wheel speed sensor and a light-emitting part 3 so that a light- 
emitting part 3 may emit exposure light in the state of the touch-down of a reference point 2. 
[0019] 

The image pick-up section 4 picturizes the tooth back of the tread 1 including a reference point 

2 synchronizing with the exposure of a light-emitting part 3. 

The image pick-up section 4 uses well-known optical instruments, such as a 2-dimensional 
location sensing element (PSD) indicated by said patent reference 1 besides a CCD camera, and 
picturizes the location of the direction (X-axis-Y shaft orientations) of two dimension of a 
reference point 2. 
[0020] 

ON/OFF control of the timer 5 is carried out by ECU1 1. a switch is turned on to the timing 
doubled with the exposure of a light-emitting part 3. and a switch is turned off when the image 
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pick-up section 4 catches the image of an origin/datum 2. Therefore, a timer 5 measures time 
amount until the light (reflected light) which irradiated with the light-emitting part 3 and was 
reflected in the reference point 2 reaches the image pick-up section 4, 
[0021] 

The data storage section 6 is a memory apparatus which stores temporarily the 2-dimensional 
image pick-up data of the origin/datum 2 picturized in the time data and the image pick-up 
section 4 which were measured with the timer 5. 
[0022] 

Operation part 7 was equipped with memory, such as ROM [Read Only Memory], and has 
memorized the Motoki Mitsugi semi- map table (not shown) beforehand set up based on the 
experimental value or the design value. A Motoki Mitsugi semi- map table contains two or more 
maps in consideration of deformation of the direction of three dimensions of the tire in a touch- 
down location besides the map showing the location (criteria location) of the reference point 2 in 
the condition that each wheel does not receive the order force, lateral force, etc. in a touch- 
down location. 

Operation part 7 calculates the deflection of the time data and 2-dimensional image pick-up data 
which were stored in the data storage section 6, and the criteria location data of an origin/datum 
2, searches a Motoki Mitsugi semi- map table by making the deflection into a parameter, and 
detects the deformation of the direction of three dimensions of a corresponding tire. 
Moreover, operation part 7 asks for the deflection of the time data of a value, and 2-dimensional 
image pick-up data last time which was stored in the data storage section 6 a value and this 
time, and detects deformation transition of the direction of three dimensions of a tire. The 
memory apparatus which stores temporarily instead the deformation of the direction of three 
dimensions of the tire searched with the Motoki Mitsugi semi- map table can be prepared in 
operation part 7. and deformation transition of the direction of three dimensions of a tire can 
also be detected a value and this time based on the deflection of the deformation of a value last 
time. 
[0023] 

The deformation data of the direction of three dimensions of a tire for which it asked by 
operation part 7, and last time, the dispatch section 8 does not output the deflection data of a 
value to EGU1 1 prepared in the car-body side by wireless, and is equipped with an antenna, a 
transmitter, etc. which are not illustrated a value and this time. 
[0024] 

A light-emitting part 3, the image pick-up section 4, a timer 5, the data storage section 6, 
operation part 7, and the dispatch section 8 are the locations which counter a reference point 2. 
and are prepared in the predetermined location of a wheel rim 12 at an integral. A sign 9 shows 
the power source which drives the deformation detection equipment 10 of a tire. 
[0025] 

ECU11 consists of CPUs, ROMs, RAM, etc. which are not illustrated besides an I/O interface 
(not shown) required for delivery of a signal with an external device. 
ECU1 1 performs feedforward control, such as an antilock brake gear of a vehicle, and 
anticipation transit locus calculation equipment, a value and this time based on the deflection 
data of a value the deformation data of the direction of three dimensions of the tire transmitted 
from the dispatch section 8, and last time. 

Moreover, ECU1 1 performs ON/OFF control of a timer 5 and reset of a timer 5. 
[0026] 

Next, with reference to drawing 2 , the actuation procedure of the deformation detection 
equipment 10 of a tire is explained. If ECU1 1 analyzes the output signal of a wheel speed sensor 
(not shown) and specifies the touch-down condition of a reference point 2, it will make LED of a 
light-emitting part 3 irradiate, will drive the image pick-up section 4 to coincidence, and will 
picturize a reference point 2. The 2-dimensional image pick-up data of the origin/datum 2 
picturized in the image pick-up section 4 are temporarily stored in the data storage section 6. 
If the image pick-up section 4 catches the reflected light of an origin/datum 2. switch-off of the 
timer 5 by which switch-on was carried out synchronizing with the exposure of a light-emitting 
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part 3 will be carried out. Time amount until the reflected light which irradiated by the 
measurement time amount 3 of a timer 5, i.e., a light-emitting part, and was reflected in the 
origin/datum 2 reaches the image pick-up section 4 is temporarily stored in the data storage 
section 6 as time data. 
[0027] 

If time data and 2-dimensional image pick-up data are stored in the data storage section 6, 
operation part 7 will search a Motoki Mitsugi semi- map table by making into a parameter the 
time data and 2-dimensional image pick-up data which were newly stored, and will detect the 
deformation of the direction of three dimensions of the tire in a touch-down location. As 
compared with the criteria location data of an origin/datum 2, in a detail, deflection with the time 
data of the data storage section 6 and 2-dimensional image pick-up data is calculated (refer to 
drawing 3 ). and a Motoki Mitsugi semi- map table is searched by making such deflection into a 
parameter in it. 

Operation part 7 asks coincidence for the deflection of the time data of a value, and 2- 
dimensional image pick-up data last time which was stored in the data storage section 6 a value 
and this time, searches a Motoki Mitsugi semi- map table by making this deflection into a 
parameter to it. and detects deformation transition of the direction of three dimensions of the 
tire in a touch-down location to it. 
[0028] 

The displacement data of the direction of three dimensions of the tire detected by operation 
part 7, and last time, the deflection data of a value let the dispatch section 8 pass, and are 
transmitted to ECU1 1 prepared in the car-body side on radio a value and this time. 
[0029] 

As shown in drawing 4 , EGU1 1 transmits the deflection data in which the deformation data of 
the direction of three dimensions of the tire transmitted from the right-and-left front wheels 
floor line and FR and the right-and-left rear wheels RL and RR and deformation transition of a 
tire are shown to high order equipments, such as an antilock brake gear of a vehicle, and 
anticipation transit locus calculation equipment, and performs feedforward control aiming at 
brake control, steering control, etc. 
[0030] 

Since the deformation detection equipment 10 of the tire stated above can detect correctly and 
directly the deformation of the direction of three dimensions of the tire in a touch-down 
location, and deformation transition of a tire, it becomes possible [ grasping correctly each wheel 
order force, lateral force, and a touch-down load ] in the initial stage of a transfer system. 
Moreover, the deformation of the detected tire can be used for the feedforward control aiming at 
brake control, steering control, etc. 

Furthermore, by detecting directly the deformation of a tire and deformation transition in a 
touch-down location, a target yaw rate or the complicated control law of lateral acceleration is 
simplified, and it leads also to derating of the computer by compaction of the operation time, as 
a result the cost cut of ECUl 1 by the simple method. 
[0031] 

Next, the 2nd operation gestalt of this invention is explained with reference to drawing 5 . 
Drawing 5 is the explanatory view showing the deformation detection equipment of the tire 
concerning the 2nd operation gestalt of this invention. 

In addition, the same sign shows the same element as the 1st operation gestalt. and detailed 

explanation is omitted. 

[0032] 

The deformation detection equipment 20 of the tire concerning the 2nd operation gestalt uses 
the power source prepared in the car-body side instead of preparing a built-in power source in a 
wheel side. 

As shown in drawin g 5 , in order to supply a current to the deformation detection equipment 20 
of a tire, the disc-like substrate 14 made from resin is being fixed to the edge of the revolving 
shaft 13 of a wheel. The coils 15 and 16 for electromagnetic couplings are formed in the field of 
each both sides of this substrate 14. and it connects electrically through the electric wire which 
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passes along a substrate 14, respectively. 

Furthermore, while a coil 17 is formed in the part by the side of the coil 15 prepared on the 
substrate 14. and the body of a vehicle which counters, a coil 18 is formed in the part by the 
side of the coil 16 prepared on the substrate 14, and the wheel rim 12 which counters. 
If a substrate 14 rotates with rotation of a wheel, alternating current will be supplied from the 
power circuit (not shown) installed in the car-body side in the location where the coil 15 
prepared in the substrate 14 and the coil 17 prepared in the body side of a vehicle counter. 
Alternating current lets the coil 17 which countered mutually and was installed, a coil 15. a coil 
16, and a coil 18 pass, and is supplied to each equipment formed in the wheel side. Rectification 
and a smoothing circuit (not shown) are established in the wheel side, and the supplied 
alternating current is changed into a direct current. 
[0033] 

These coils 15, 16, 17, and 18 are arranged in the location electrically connected in the state of 
the touch-down of a reference point 2. Therefore, a synchronousr control with the wheel speed 
sensor by ECU1 1 becomes unnecessary, and a light-emitting part 3 and the image pick-up 
section 4 are automatically started to compensate for rotation of a wheel. For this reason, a tire 
can detect the deformation of the tire in a road surface and the grounded part (part with big 
deformation). 
[0034] 

Since the deformation detection equipment 20 of the tire described above uses the power 
source prepared in the car-body side, it becomes unnecessary [ a changing battery like / at the 
time of preparing a built-in power source in a wheel side ]. 
[0035] 

Next, the 3rd operation gestalt of this invention is explained with reference to drawing 6 . 
Drawing 6 is the functional block diagram of the deformation detection equipment of the tire 
concerning the 3rd operation gestalt. 

In addition, the same sign shows the same element as the 1st operation gestalt, and detailed 

explanation is omitted. 

[0036] 

Unlike the deformation detection equipment 10 of the tire concerning the 1st operation gestalt, 
the deformation detection equipment 30 of the tire concerning the 3rd operation gestalt detects 
the deformation of the direction of a path of the tire in a touch-down location only using the 
time data measured with the timer 5. without using the 2-dimensional image pick-up data of an 
origin/datum 2. Therefore, a light sensing portion 34 is replaced with the image pick-up section 5 
which used the CCD camera and the 2-dimensional location sensing element (PSD), and the 
linear image sensors which arranged the photo transistor in the single dimension are used. 
[0037] 

As shown in drawing 6 , a light sensing portion's light-receiving of the reflected light in an 
origin/datum 2 carries out switch-off of the timer 5 which carried out switch-on synchronizing 
with the exposure of a light-emitting part 3. The time data measured with the timer 5 is stored in 
the data storage section 36. 

The data storage section 36 is a memory apparatus which stores temporarily the time data 
measured with the timer 5. 

Operation part 37 has memorized two or more time data criteria map tables (not shown) 
beforehand set up based on the experiment or the design value besides the map showing the 
criteria location data (criteria location time data) in the criteria location of an origin/datum 2. 
Operation part 37 calculates the deflection of criteria location time data and the time data 
stored in the data storage section 36, and searches a time data criteria map table by making the 
deflection into a parameter. Wireless transmission of the deformation of the direction of a path 
of the tire in the touch-down location detected on the time data criteria map table is carried out 
through the dispatch section 38 at ECU11. 

Moreover, operation part 37 asks for the deflection of the time data of a value last time which 
was stored in the data storage section 36 a value and this time, and detects deformation 
transition of the direction of a path of the tire in a touch-down location. Wireless transmission of 
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the deflection data called for by operation part 37 is carried out through the dispatch section 38 
atECUII. 

The deformation data of the direction of a path of a tire for which it asked by operation part 37, 
and last time, the dispatch section 38 does not output the deflection data of a value to ECU1 1 
prepared in the car-body side by wireless, and is equipped with an antenna, a transmitter, etc. 
which are not illustrated a value and this time. 
[0038] 

ECU1 1 transmits the deformation data and deflection data of the direction of a path of a tire 
which were transmitted from the dispatch section 38 to high order equipments, such as an 
antilock brake gear of a vehicle, and anticipation transit locus calculation equipment, and . 
performs feedforward control aiming at brake control, steering control, etc. 
[0039] 

Since such deformation detection equipment 30 of a tire detects the deformation of the 
direction of a path of a tire only using time data, it is suitable for detecting the deformation of 
the tire especially in the rectilinear-propagation run state of a vehicle. 
However, when lateral force joins a tire, a reference point 2 may separate from the light- 
receiving range of the linear image sensors arranged in the light sensing portion 34. Then, it is 
desirable to put a photo transistor in order in the direction of a cross joint, 
furthermore — drawing 7 — being shown — as — a tire — a cross direction — or — a 
longitudinal direction — having deformed — a case — deformation — a front — a condition — 
it can set — a light-emitting part — three — from — a reference point — two — up to — an 
exposure — light — range — L — one — a reference point — two — from — a light sensing 
portion — 34 — up to — the reflected light — range — L — two — the sum total — distance - 
- deformation — after — it can set — an exposure — light — range — L — one — ' — the 
reflected light — range — L — two — ' — the sum total — distance — equal — becoming — 
things — it is — . 

Therefore, the deformation data of a tire are amended using the deflection data in which 
deformation transition of a tire is shown, a steering angle sensor, detection data of an 
acceleration sensor which are not illustrated, etc., and it is necessary to compute the 
deformation of the direction of a path of a tire, or the deformation of the direction of three 
dimensions of a tire. 
[0040] 

Drawing 8 shows the example which approached and formed two or more reference points 2 
mutually, a light sensing portion 34 — setting — two or more reflected lights — the reflected 
light of three or more reference points 2 is received desirably. 

Since the exposure light range LI from a light-emitting part 3 to a reference point 2 and the sum 
total distance of the reflected light range L2 from a reference point 2 to a light sensing portion 
34 are uniquely decided by receiving two or more reference points 2 by the light sensing portion 
34, it becomes unnecessary thus, to amend the deformation of the direction of a path of a tire. 
As shown in this drawing, as for a reference point 2, it is desirable to prepare at least five or 
more places in the direction of a cross joint. 
[0041] 

Since the deformation detection equipment 30 of the tire described above can detect correctly 
the deformation of the direction of a path of the tire in a touch-down location, and deformation 
transition of a tire by the initial stage of a transfer system, it becomes possible [ grasping 
correctly each wheel order force, lateral force, and a touch-down load ] in the initial stage of a 
transfer system. Moreover, the deformation of the detected tire can be used for the feedforward 
control aiming at brake control, steering control, etc. 
[0042] 

As mentioned above, although the suitable operation gestalt of this invention was described, this 
invention can be variously deformed or changed within the limits of invention which is not limited 
to the above mentioned operation gestalt and indicated by the claim. 

For example, if it cannot be concerned with the location of a reference point 2 but the reflected 
light of a reference point 2 can be certainly caught by the image pick-up section 4 or the light 
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sensing portion 34, the quantity of the sensor component of the quantity of a reference point 2 
and arrangement, the image pick-up section 4, or a light sensing portion 34 and arrangement can 
be changed suitably. It is desirable to determine the quantity and arrangement of an origin/datum 
2 and a sensor component as a detail suitably in the tire deformation detection equipment 30 
which detects only time data in the deformation detection equipments 10 and 20 of the tire 
which detects time data and 2-dimensional image pick-up data, so that two or more data 2 can 
be caught so that at least one origin/datum 2 can be caught. 
[0043] 

[Effect of the Invention] 

As mentioned above, according to invention concerning claim 1, time amount until the light 
irradiated with the light-emitting part is received by the light sensing portion can be measured 
periodically, and the deformation of the direction of a path of the tire in the variation rate, i.e., 
the touch-down location, of the perpendicular direction of the reference point in the touch-down 
location of a tire can be detected based on the time amount change. 
[0044] 

Since the amount of displacement of the perpendicular direction of the origin/datum in the 
touch-down location of the tire calculated by operation part can be outputted outside through 
the dispatch section according to invention concerning claim 2. it becomes possible to perform 
control in consideration of the deformation of the direction of a path of a tire with an antilock 
brake gear, the anticipation transit locus calculation equipment of a vehicle, etc. 
[0045] 

According to invention concerning claim 3. the detection error of deformation can be lessened by 

having approached and having prepared two or more reference points. 

[0046] 

the variation rate of the perpendicular direction of the reference point in the touch-down 
location of the tire which was calculated by operation part according to invention concerning 
claim 4 — an amount and a horizontal variation rate — since direct detection of the deformation 
of the direction of three dimensions of a tire can be carried out based on an amount, in the initial 
stage of a transfer system, it becomes possible to grasp correctly each wheel order force, lateral 
force, and a touch-down load. Moreover, since the deformation of the detected tire can be 
outputted outside through the dispatch section, it becomes possible [ performing control in 
consideration of the deformation of a tire ] in high order equipments, such as an antilock brake 
gear and anticipation transit locus calculation equipment of a vehicle. 
[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing the deformation detection equipment of the tire 
concerning the 1 st operation gestalt. 

[Drawing 2] It is the functional block diagram of the deformation detection equipment of the tire 
concerning the 1 st operation gestalt. 

[Drawing 3] It is the explanatory view showing the example which asks for the deflection of 2- 
dimensional image pick-up data and the criteria location of a reference point. 
[Drawing 4] It is the explanatory view showing the example which performs feedforward control 
using the deformation of the tire detected with each wheel. 

[Drawing 5] It is the explanatory view showing the deformation detection equipment of the tire 
concerning the 2nd operation gestalt. 

[Drawing 6] It is the functional block diagram of the deformation detection equipment of the tire 
concerning the 3rd operation gestalt. 

[ Drawin g 7] It is the explanatory view showing the example from which time amount until the 
exposure light irradiated with the light-emitting part is received by the light sensing portion 
becomes the same [ arbitration ] at two points. 

[Drawin g 8] It is the explanatory view showing the example which approached and prepared two 
or more reference points. 
[Description of Notations] 

1 Tread 

2 Reference Point 
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3 Light-emitting Part 

4 Image Pick-up Section 

7 Operation Part 

8 Dispatch Section 

10 Deformation Detection Equipment of Tire 



[Translation done.] 
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